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Abstract 
An algorithm for frequency offset estimation and symbol timing based on correlation matrix was given to reduce ISI 
and ICI of OFDM system. The algorithm got the fractional frequency offset by minimizing the off-diagonal elements 
and got the integral frequency offset by sizing the diagonal elements. The estimation of symbol timing based on 
maximized the function by sliding the FFT window. Simulation results show that the algorithm has high estimate 
precision and large range. 
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1. Introduction 
Multiple-input multiple-output Orthogonal frequency division Multiplexing system(MIMO-OFDM) 
takes the advantage of time diversity ,space diversity and frequency diversity  and has very high spectral 
efficiency and well anti-multipath ability, which is seen as the key technology of the future mobile 
communication[1,2]. However the carrier frequency offset and the symbol timing error have great influence 
on OFDM. The carrier frequency offset destroys the orthogonality of the carries and cause Inter-Carrier 
Interference(ICI), the symbol timing error causes Inter- Symbol Interference （ ISI ） .In industry 
applications, Wireless Industry Network is used for  some mobile, rotated or the dangerous objects[3], but 
                                                          
 *Corresponding author. Tel.: +86 022 60435701. 
E-mail address: jwuser@126.com (Ke-jin Jia)
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1188  Ke-jin Jia et al. / Energy Procedia 16 (2012) 1187 – 1192Author name / Energy Procedia 00 (2011) 000–000 
the worse electromagnetic environments and the fast moving of the objects deteriorate ICI and ISI, which 
limit MIMO-OFDM be used for industry applications. 
The algorithm of the paper is the modification of the reference[5]and[6]。The algorithm got the 
fractional frequency offset by minimizing the off-diagonal elements instead of minimizing the mod of off-
diagonal elements, and got the integral frequency offset by sizing the diagonal elements. The estimation 
of symbol timing was based on maximized the function by sliding the FFT window. Compare with 
reference [5] and [6], the algorithm  saves computation and is same in precision and large ranges. 
Simulation results show that the algorithm has high estimate precision and large range. 
2. Frequency offset estimation 
In the OFDM system, the signal is the sum of N independent signals over sub-channels of equal band 
width and regularly spaced with frequency. In order to understand frequency offset in relation to the 
signal, the general expression for the signal of the sender  is required to be formulated as : 
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Where   is the guard interval  and sf is the sampling rate of the OFDM system. k is the modulation 
factor of the k th sub-carrier. For the frequency offset and 
c
channel noise in OFDM system, after the 
removal of the guard interval  and  the FFT transformation the data of receiver can be expressed as 
bellow : 
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Where / sN f fε = Δ  is the normalized frequency offset of the receiver signal. nω  is white complex 
gaussian noise. Using (1) and (2), the data of receiver becomes: 
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Let W  be the FFT transformation of k white complex gaussian noise. The expression also becomes: 
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The second term in (5) is expressed as the ISI , and the third is the equivalent white complex gaussian 
noise. Based on (5), we can affirm that the frequency offset will deteriorate demodulation performance
seriously.When input SNR was given as [5, 10, 15, 20, 25, 30], Figure 1 illustrates the SNR of 
demodulating end changed with normalized frequency offset. In figure 1, we can see that the SNR of the 
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input signal to be judged has a sharp drop when the frequency offset 0.1ε > .So it is necessary to take a 
calibration in receiver end. 
Fig.1. The SNR of demodulation influenced by frequency offset 
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ˆLet α  be estimate value of decimal multiple and  be the output data calibrated with  
decimal multiple, then 
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2.2 Integer multiple frequency offset estimation 
It has been discussed that the integer multiple frequency offset only causes the bit shifting of sub-
carriers. We assumes that there is no frequency offset in the system and the diagonal elements of the 
autocorrelation matrix is shown as: 
( )*, ˆ ˆi i i i s zr E y y p p= =g +                                                              (9) 
Where sp  is the signal power and zp  is the noise power of sub-carriers. When there is only integer 
multiple frequency offset, ˆk k my y −=  and , ,iˆ i i m i mr r− −= .  Oversampling  is often used to avoid aliasing 
distortion in practical applications, as well, the sub-carriers used in practical transmission are much fewer 
than the whole sub-carriers in the system. Let  be number of the practical used sub-carriers, and pick uN
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uNout  maxim elements from the diagonal elements of the autocorrelation matrix. The integer multiple 
frequency offset m can be obtained from the deference between the position of minimum element from 
the data and the number of the first used sub-carriers in the system. 
3. Symbol timing estimation 
The purpose of symbol synchronization is to determine the correct position of the FFT window, which 
is the original position of OFDM symbol, and the FFT window can contain the current OFDM symbols of 
N, so that it can get the correct demodulation. If the timing estimation was not proper, the oiginal position 
of the FFT window is not on the first sample point of the current OFDM symbol, there might contain 
sample point of neighboring OFDM symbols which causing Inter- Symbol Interference（ISI）.So
symbol timing estimation is the important part of OFDM synchronization. 
CP CPThe mth sub-carrier The (m+1)th sub-carrier
The mth OFDM symbol
FFT windowd
N
L FFT windowd
Fig.2  The structure of symbol synchronization
              
      (a) (b)  0 dd > 0<  
Fig.3 The system performance varies with symbol offset 
The FFT window is assumed to deviate from correct position sampling value of , cyclic prefix length 
of L and channel impulse response length of 
d
)(h hN N L< .In Figure 2, 0d =  is the correct original 
position of the symbol. When h , receiving window contain current symbol only. Not the 
interference of the present and post symbol but the existence of timing offset make it possible that the 
receiving signal is the cyclic shift of ideal reveived sequence; when h
0d <N L− ≤
L d N L− ≤ < − . FFT operation 
contain not only current OFDM symbol  but also the component of next symbol, which causing ISI 
interference. When ,FFT window will stride over different OFDM symbols. It not only 
causes ICI but also BER. 
0 1d N< ≤ −
Figure 3 shows us the change of system performance of symbol offset in different input SNR  when 
N=256 and L=32.From the figure we can see that when absolute value of symbol offset  exceeds d
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certain threshold, the influence of system performance from the input SNR decreases and there will be 
less influence as absolute value of symbol offset increasing.d
s z
The system sets no power to the cyclic prefix in a practical application. As a OFDM symbol was 
transmit through the channel, the power of the sampling output is: 
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So we defines the function (n)η  as  this to the correlation function matrix :(2 ) (2 )( ) L N L NR m + × +
1
,
1
,
( )
n N
i n
N L
+ −
=
+ −
=−
i i
i i
j L
r
n
r
η =
∑
∑
                                                                      (11) 
The n is the initial position of the symbol where ( )nη  gets its maxim value. 
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Fig.4 The scheme of symbol timing
As it is shown in Figure 4, windows 3 is the FFT windows position in ideal state and the total power 
in window 1 and window 2 is less than that in window 3.The total power in the FFT window’s change 
range is the denominator of the (nη .
4. Simulation results 
We have conducted simulation to investigate the performance of the algorithm using of the software 
Matlab. The total number of the sub-carriers is set to N=256 , Guard Interval Length is L=32 and 
Modulation Scheme is BPSK. 
       
Fig.5 The relationship between the input SNR calibrated with the algorithm and the demodulation SNR 
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Chart 5 shows relationship between the input SNR calibrated with the algorithm and the demodulation 
SNR. The right fig is the local detail of the left. We can draw a conclusion that the calibrated 
demodulation SNR and the input SNR are almost same from the figure. And the difference of the input 
SNR and the demodulation SNR is just about 0.25db when input SNR set at about 8db, and the value 
decreases as the input SNR increasing. 
       
Fig.6 The estimation error of this algorithm in different SNR 
5. Conclusion 
A modified method to formulate the decimal frequency offset and the integral frequency offset is 
proposed in the paper, which is derived by using the correlation matrix of the receive data.. The algorithm 
has high estimate precision and large range. It can achieve the same performance but at lower 
computational complexity. 
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